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Abstract:
Blow flies (Order: Diptera, Family: Calliphoridae) are a valuable forensic tool. Female
blow flies will lay eggs (colonize) on remains often within minutes of death and entomological
methods are based on their behavior and development to extrapolate postmortem intervals (PMI).
External factors, such as temperature and weather patterns can influence timing of this behavior.
This study seeks to gain a better understanding of the environmental factors that impact this
behavior across two seasons. In this study, arrival and colonization behavior was investigated on
rat carcasses from sunrise to sunset in a semi-rural region of New Jersey (n=64). Video recording
software was used to document blow fly activity, blow fly eggs were reared to determine species
identification and temperature was recorded using a data logger. Data was analyzed with respect
to time, temperature and accumulated degree hour (ADH). This study showed that there was a
significant difference in species composition and the pre-colonization interval (pre-CI) between
two seasons; There was higher species diversity and shorter pre-CI during the summer trials. The
difference in arrival and colonization was not significant with respect to the ADH of the
resource, demonstrating consistency in blow fly activity based upon the state of decomposition.
The results of this study support the need to better understand blow fly recruitment and
colonization behavior during the pre-CI to increase their reliability as forensic indicators of PMI.
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Introduction:
Forensic entomology is an emergent field that can provide valuable knowledge to
medicolegal investigations and to the field of forensic science. Combining the knowledge of
pathology with the study of insects contributes greatly to an investigator’s ability to reconstruct
crime scenes and investigate deaths (Greenberg, 1991). Insects are ubiquitous in most
environments on Earth and have fulfilled unique niches during the course of evolution. Flies, in
particular, are present in most, if not all, habitats and fulfil very diverse roles in their
environments (Byrd & Castner, 2001). Blow flies (order: Diptera family: Calliphoridae) are a
specific type of fly that fulfills the role of consuming decaying material potentially found in a
death investigation (Payne, 1965). Due to this role, understanding blow fly patterns of activity
and behaviors are extremely important due to their wide-spread ecological influence.
Necrophagous insects are species that consume dead and decaying material to sustain
their populations (Byrd & Castner, 2001). Blow flies are insects that are considered
necrophagous because they interact with and consume newly decaying remains. They are
forensically relevant because of their early presence and activity during the decomposition
process. Blow flies have been known to arrive and colonize often within minutes, and prior to the
arrival of other insects. This efficiency in locating decaying material qualifies them as first or
primary colonizers (Greenberg, 1991, Byrd & Castner, 2001). These flies will also deposit their
eggs on a resource to propagate their species. This process is called oviposition in relation to the
fly’s behavior and initiates a colonization event in relation to the carcass (Greenberg, 1991). As a
result of this necessity, they have adapted to locate and utilize carrion as a resource very quicky
(Byrd & Castner, 2001).
Adult blow flies are extremely efficient at detecting volatile organic compounds (VOCs)
that are given off by fresh remains (Byrd & Castner, 2001). They can detect VOCs with their
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specialized antennae, called arista (Byrd & Castner, 2001, Campobasso et al., 2001, Frederickx
et al., 2012). Due to this adaptation, they are able to quickly detect, orient themselves and locate
the carcass. Female blow flies have been found to be more sensitive to VOCs and can determine
a corpse’s attractiveness based on the semiochemicals that are released during the early stages of
death (Janz, 2003). Their arrival time, or time of first physical contact with the body, initiates the
period of insect activity (PIA) (Tomberlin et al., 2011b). After recruitment, or arrival to the
resource, females typically begin to oviposit shortly thereafter, which is noted as the start of the
post-colonization interval (post-CI) (Tomberlin et al., 2011b).
Once a female determines the resource and conditions are suitable for oviposition, female
blow flies will extend their ovipositor, which is a long, retractable, straw-like structure located
on the back of their abdomen and continue to probe the resource (Byrd & Castner, 2001).
Following arrival, this structure may also act as a secondary method for probing or “tasting” the
resource via chemotactile contact, contributing to further evaluation of the resource (Rice, 1977).
Once the female fly has accepted the resource, it will then deposit eggs, either singly or in a
clutch in various or one singular location (Hans et al, 2019). This behavior may take
approximately 20 minutes and may be influenced by time of year, temperature, overall weather
conditions or light exposure (Matuszewski et al., 2014).
Blow flies are uniquely adapted to their ecological role as a decomposer (Tomberlin et
al., 2011a). Although adult blow flies have the ability to feed on various substrates, female blow
flies require dead and decomposing animal tissues to feed and to support the development of
their offspring (Greenberg 1991). Due to this need, female blow flies will travel great distances
to colonize freshly dead carcasses and lay their eggs (Payne, 1965, Greenberg, 1991, Mohr &
Tomberlin, 2014). Upon hatching, the larvae will initially feed on bodily fluids until they
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become fully developed (Byrd, & Castner, 2001). When consuming carrion, the larvae facilitate
the break-down of dead animal tissues and release nutrients into the surrounding soil, fulfilling
their ecological role as nutrient recyclers (Greenberg, 1991).
Larvae will utilize carcasses for protection and feed on their tissue to contribute to their
growth (Greenberg, 1991). The timing of larval development cycles can be used to correlate the
age of larvae at the time of collection to their initial appearance, or timing of egg deposition on a
body. The subsequent development of larvae has then therefore been used to determine the
timeline of a death in cases of human homicides and suicides (Byrd & Castner, 2001, Tomberlin
et al., 2011a). The interval between death and when a body is discovered is known as postmortem interval (PMI) (Amendt et al., 2007). PMI calculations are estimations that forensic
entomologists determine based on well-established temperature-related development patterns of
larvae as they mature into their adult stages (Greenberg, 1991). The blow fly life cycle consists
of various stages of development which are visually identifiable as eggs, first instar larvae,
second instar larvae, third instar larvae, pupae, and finally the adult stage (Greenberg, 1991,
Byrd & Castner, 2001, Amendt et al., 2007). Colonization estimates are calculated by taking into
account larval growth rates that were established in the lab under constant conditions (Kamal,
1958, Greenberg, 1991). These developmental rates of growth are specific to each species; thus,
proper species’ identification is a critical aspect to consider (Greenberg, 1991). Forensic
entomologists have established PMI estimates with the understanding that blow flies typically
arrive very shortly after death with females ovipositing shortly after arrival. However,
investigators can only comment on the PIA based on the oldest life stage of the larvae present
which, in turn, means that the estimation provided is a reflection of the minimum time of
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colonization (MTC) of the earliest arriving blow fly females (Byrd & Castner, 2001, Amendt et
al., 2007, Villet et al, 2009).
As with other insects, blow flies are poikilotherms and depend on their environment to
supply heat for their development (Charabidze & Hedouin, 2019). Due to this, their development
is highly correlated with immediate environmental temperatures and conditions (Greenberg,
1991, Byrd & Castner, 2001). Larvae require a specific amount of time at particular temperatures
to reach developmental thresholds (Byrd & Castner, 2001, Greenberg, 1991). Larvae will reach
these developmental thresholds more quickly at higher temperatures and will take much longer
to reach these thresholds at cooler temperatures (Greenberg, 1991, Byrd & Castner, 2001). Thus,
factors such as time, temperature and species identification are key aspects required for accurate
colonization/PMI estimates. Due to temperature and environmental susceptibility, understanding
the influence of biotic and abiotic factors in determining blow fly behavior will lead to more
accurate colonization estimates.
Colonization estimates require an understanding of the conditions that the larvae
experienced before discovery. When a body is discovered with larvae present, they are collected,
their life stage is determined and they are then reared to adulthood for subsequent species
identification (Byrd & Castner, 2001, Amendt et al., 2007). This information is then used to
calculate the initial PIA. Species identification is important because their unique development
rate is correlated with ambient temperatures (in Celsius) at the scene that they experienced
(Greenberg, 1991, Amendt et al., 2007). A summation of the total ambient temperature that was
experienced by the larvae is calculated as a function of time. This unit is called accumulated
degree hours (ADH). By extrapolating the total ADH the larvae were exposed to from the
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oviposition event to time of discovery, the PMI can be calculated to determine the time they
were initially deposited (Byrd & Castner, 2001, Tomberlin et al., 2011b).
Temperature data for the surrounding environment can be collected from weather towers
in combination with local temperatures of the microenvironment that the decedent was found
(Byrd & Castner, 2001). In conjunction with the development rate of the species, the regression
of this time can indicate the minimum PMI (PMImin), which best describes the minimum
amount of time after death that it took for the female blow fly to colonize the carcass (Villet et al,
2009). This terminology takes into consideration the discrepancy in time between when the blow
fly arrives and when she lays her eggs (Villet et al, 2009). The maximum PMI (PMImax)
supplements this range of time and is an estimate of time between the last time known alive and
the time of discovery based on entomological evidence (Villet et al, 2009). These ranges of time
are proposed by forensic entomologists as the possible MTC (Villet et al, 2009). Determining
PMImin and PMImax is extremely important in investigatory work because it provides a
timeline that can corroborate other contextual evidence in a civil suit or a criminal investigation
of a death (Byrd & Castner, 2001). In homicides, this information can support a narrative that
can have serious implications if an individual is deemed responsible for a death due to an
established order of events (Byrd & Castner, 2001). As a result, it is prudent to focus forensic
entomological research to further our understanding of the conditions that influence blow fly
arrival and colonization behavior to ultimately improve the accuracy of using blow fly
development for PMI estimations.
Blow flies are susceptible to their environments and thus, the decision to colonize a
resource may be influenced by any combination of biotic and abiotic factors (Campobasso et al.,
2001, Shah & Sakhawat, 2004, George et al., 2013). These factors may impact species
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availability, recruitment, a female fly’s ability to oviposit, and/or the survival and development
of their larvae. These influencing factors and their role in the recruitment, oviposition and
development of blow flies, are currently under investigation because they may shorten or
lengthen the PIA and the post-CI (Matuszewski et al, 2014). These factors are extremely
important to note because currently PMImin calculations only describe the PIA in terms of time
from oviposition to time of discovery (Mohr & Tomberlin, 2014). This calculation is currently
unable to provide any information about the time elapsed from the moment of death, to when the
blow flies arrived at the carcass, nor the time it took for the flies to decide to oviposit (Tomberlin
et al., 2011b) (Figure 1).

Figure 1: Timeline of a death from the true moment of death until time of discovery. The red
box indicates the period of time that holds missing information on blow fly activity.

It is imperative to understand the period of time before recruitment and oviposition under
varying environmental conditions, as it remains a large factor in determining the full PMI and
true PMI (Mahat et al., 2009, Tomberlin et al., 2011b,). It has been proposed by Tomberlin et al.,
2011b that the PIA include two distinct parts: the pre-colonization interval (pre-CI) and the postcolonization interval (post-CI), with the former accounting for PMImin calculations (Tomberlin
et al., 2011b, Mohr & Tomberlin, 2014). The endpoint of PMImin or post-CI is considered to be
the discovery of the corpse (Tomberlin et al., 2011b). Pre-CI, on the other hand, describes the
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time before the blow fly arrives and oviposits. Pre-CI initiates at the moment of death and
includes the arrival of the female blow fly and the evaluation of the resource and up to the
moment of oviposition (Tomberlin et al., 2011b). The combination of pre-CI and post-CI
provides the full death chronology for a decedent (Figure 2). This information provides further
understanding of the circumstances that may be the subject of a criminal investigation
(Campobasso et al., 2001, Tomberlin et al., 2011b).

Figure 2: The timeline of blow fly activity delineating the pre-CI and post-CI that Tomberlin et
al., 2011b proposes.

Tomberlin et al. (2011 a, b) proposed a framework describing phases of blow fly
behavior within the context of pre-CI and post-CI. Specifically, the pre-CI can be further broken
down into the exposure phase, the detection phase, and the acceptance phase. The authors note
that the timing of these three phases is not equal and each is greatly affected by the condition of
the resource as well as other biological and environmental factors. To determine pre-CI, it is
important to understand these factors that guide and drive oviposition behaviors of female adult
blow flies and determine the length of these phases. Due to the neurosensory and physiological
limitations of blow flies, the pre-CI is contingent upon how female blow flies interact with the
cues in the environment and with the resource (Mohr & Tomberlin, 2014). The combination of
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environmental conditions that are perfectly suited to the biological needs of the blow fly for
oviposition is known as “Optimum oviposition theory” (Jaenike, 1978). This theory posits that
females will determine the proper conditions for oviposition and make behavioral decisions that
will maximize the viability of their offspring (Jaenike, 1978). These factors include biotic or
species-specific needs that must be met, such as type or size of the resource and the availability
of other species of be present (Yang & Shiao, 2012, Rosati, 2014). They may also be abiotic,
including external factors in the environment such as temperature and humidity (Campobasso et
al., 2001, Shah & Sakhawat, 2004, Tomberlin et al., 2011a, Berg & Benbow, 2013, George et al.,
2013). The process the female blow fly uses to make decisions, directly contributes to pre-CI
length. Thus, it is extremely important to track the female blow fly’s behaviors because they
show what conditions are required for them to colonize. Slight changes in conditions for some of
these factors (i.e., temperature) can have drastic impacts on blow fly behavior and can influence
the timing of oviposition, ultimately altering colonization estimates and thus, must continue to be
studied (Ody et al, 2017).
In the initial phases of exposure and detection of the pre-CI, female blow flies have biotic
checkpoints they use to assess the resource. One example, is the ability for the flies to detect
sufficient VOCs. Blow flies have neurosensory criteria that help them determine if a resource is
too far along in the process of decay to be suitable for their larvae to feed upon (Frederickx et al.,
2012). In other words, blow flies have a threshold for the stage of decay they will accept for
oviposition, possibly determined by tissue availability. It has been shown that blow flies will
oviposit in the early stages of decay, including the fresh, bloated, and active stages (Byrd &
Castner, 2001). Blow flies are less likely to oviposit on resources in the advanced stage, although
it is not impossible if environmental conditions change the condition of the resource to make it
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suitable for oviposition again (Dr. Rosati, personal communication, August 5, 2022). It is
thought that fresh carcasses are more desirable than older carcasses because there is less
competition with other species of insects and more tissue availability (Campobasso et al., 2001,
Yang & Shiao, 2012, Payne, 1965). This is consistent with studies that have shown that blow
flies accept resources that are 4 to 5 days old, within the range of the fresh to active stages of
decay (Payne, 1965). As the fresh and bloated stages will attract more flies to the resource, a
larger variety of blow fly species will also be recruited during these stages (Byrd & Castner,
2001). The preference for these stages is consistent with studies on blow fly neurosensory
detection and how it leads to behavioral activation (Rice, 1977, Mohr & Tomberlin, 2015).
Another important factor that may influence blow fly recruitment and colonization
behavior is resource size (Yang & Shiao, 2012). Upon discovery of the corpse, blow flies may
assess whether a resource is large enough to support offspring survival and optimal development.
It is important for the blow fly to determine if the resource will force her offspring to compete
with one another as blow fly females are capable of laying hundreds of eggs during one
oviposition event (Hans et al, 2019). High levels of competition may impact larval survival and
development leading to higher levels of mortality, smaller offspring, delayed or faster rates of
development (Hans et al, 2019). Research has shown that female blow flies can exhibit a
preference for resources that are above a threshold mass. For example, Yang and Shiao’s (2012)
study demonstrated, that in a laboratory setting, female blow fly species preferred to lay eggs on
resources that are at or above a mass of 100g. In addition, their research also demonstrated a
positive relationship between resource preference and egg load number where female blow flies
will release fewer eggs on smaller resources and more eggs on larger resources. Further
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behavioral studies can further our understanding of how factors, such as resource size, affect
blow fly colonization.
Predation can also influence blow fly behavior and oviposition, with females laying in
specific regions of the carrion to reduce detection and removal by predators. These regions may
include areas that are hidden from other insects or animals, such as underneath the resource or in
the folds of fur, skin, or clothing (Byrd & Castner, 2001, Janz, 2003, Hans et al, 2019). If
preferred oviposition locations are difficult to locate or they are not available or not in a suitable
state, this may delay or halt a female’s acceptance of the resource, lengthening the pre-CI.
Some species of blow fly have also demonstrated that the presence of other blow fly species
has an influence upon their oviposition behaviors. For example, the black bottle fly, Phormia
regina (Meigen), is positively influenced by the presence of other species, specifically Lucilia
sericata (Meigen), leading to a decrease in the time between their arrival and colonization, an
increase in the number of eggs laid and a shift in the location of oviposition to previously colonized
sites on the carcass (Rosati, 2014). Although P. regina may be fully capable of ovipositing on their
own, the presence of other species can influence their colonization behavior. Additionally, under
these conditions, P. regina larvae have also demonstrated higher survivability rates in the presence
of L. sericata in the larval stage (Rosati 2014). This may be pheromone-driven or a predator-related
dependence, however much more needs to be understood about these species interactions to form
further conclusions. This study demonstrates that the sequence of blow fly species arrival on a
resource after the onset of death may also delay or speed up the timing of oviposition, thus
lengthening or shortening the pre-CI. Thus, it is important to understand the impact of species
interactions and species composition on the colonization behavior of blow flies.
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External, abiotic factors may also affect oviposition behavior. As previously stated, blow
flies are poikilotherms (incapable of producing their own body heat), and rely on the temperature
of the surrounding environment to regulate their bodily processes (Byrd & Castner, 2001). This
physiological dependency on temperature means their behavior and development is highly
influenced by temperature and weather patterns (Byrd & Castner, 2001). As a result, with
increasing temperatures, blow fly activity and colonization events become more likely (George
et al., 2013, Ody et al, 2017). Different species have different optimal temperature conditions
and ranges (with upper and lower thresholds) for activities such as flight, mating and oviposition
and due to this dependency, temperature is an important factor influencing blow fly activity
(Matuszewski & Mądra, 2015, Hans et al, 2019).
Light intensity and availability are also an important factor influencing blow fly behavior.
Time of day is considered to be a determining factor of blow fly activity, as they are diurnal and
are typically unable to fly at night (Byrd, & Castner, 2001, Baldridge et al., 2006). Blow flies are
also considered to be heliotropic which means that they are most active from sunrise to sunset
(Mohr & Tomberlin, 2015). This is relevant to their circadian rhythm, which determines their
peak times of activity during the day when the sun is out (Mohr & Tomberlin, 2014). Daily peak
times may be species-specific, as demonstrated by Mohr and Tomberlin (2014). Their study
found that Calliphora vicina (Robineau-Desvoidy) and P. regina, for example, exhibit higher
midday activity clustered between the late morning and afternoon hours (10:45 a.m. to 4:45
p.m.), regardless of morning temperatures. They also found that other species, such as
Cochliomyia macellaria (Fabr.) and Chrysomya rufifacies (Macquart), had longer periods of
peak activity, with adults being active as early as sunrise and as late as sunset. This correlation
between blow fly activity and daylight may reflect species-specific preferences for light with a
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temperature-related influence. This timing also greatly affects the discovery and acceptance
phases because as it was postulated in their study that female blow flies will wait until there is
enough light to fly, even if they have already located the direction of the odor cues.
Climatic conditions and major geographic characteristics (such as large bodies of water,
mountain ranges, forests, etc.) can influence the species composition within a region because, as
previously stated, temperature and weather fluctuations are a driving force in the behavior, and
thus the dispersal patterns of blow flies. Due to this, different geographic regions have unique
blow fly communities—almost like a fingerprint for the area (Byrd & Castner, 2001, Brundage et
al, 2011). It is extremely important for forensic scientists to catalog the species patterns in a wide
geographical range and a variety of habitats, particularly in areas where higher rates of crime
occur (Hwang & Turner, 2005). Because species composition and abundance can vary between
regions, knowing these regional differences can be valuable in an entomological investigation.
For example, in Schroeder et al.’s (2003) study of species composition in Germany, four
common blow flies were cataloged over the course of a year in combination with other types of
necrophagous insects. The blow flies present in their study were L. sericata, P. regina,
Calliphora vomitoria (Linnaeus) and C. vicina. By contrast, Brundage et al. (2011), located in
California, found seven species of forensic importance over the course of many years. The blow
flies present in their study were: C. vomitoria, Calliphora latifrons (Hough), Compsomyiops
callipes (Bigot), Lucilia cuprina (Wiedemann), Lucilia mexicana (Macquart), L. sericata and P.
regina. These two studies had a common overlap of the most common species, such as L.
sericata and P. regina, but generally their compositions demonstrated that species composition
may differ from region to region or as time passes due to dispersion. Supporting this, Brundage
et al. (2011) reported that a new species, L. mexicana, never before surveyed in the area, may
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have recently migrated to the region. These regional differences can also be seen in distribution
maps such as those made by Jones et al., (2019) that demonstrate the distribution patterns and
geographic boundaries that various species of blow flies maintain and how they change over
time.
In addition to the regional differences in species composition, research has also indicated
that there may be seasonal variations in blow fly species composition (Benbow et al., 2013,
Rosati, 2014). It is becoming more evident that certain species appear to be more active at
specific times of the year while others are known to be active year-round (Byrd & Castner,
2001). Their unique arrival times and behaviors are, then, a reflection of their minimum and
maximum threshold requirements for activity such as temperature, light, wind, and others (Byrd
& Castner, 2001). Due to this, species-specific temperature thresholds and differences in blow
fly community composition can lead the investigator to a seasonal determination of a death
(Benbow et al., 2013, Rosati, 2014).
With respect to seasonal patterns of blow fly availability, some species tend to be more
active and abundant in warmer weather, particularly green bottle flies such as L. sericata, which
are typically more abundant during spring and summer (Byrd & Castner, 2001). As temperatures
drop, conditions become less favorable for these warm-adapted flies and adults may become less
abundant and available for colonization, while on the other hand, more cold-tolerant flies, such
as blue bottle flies like C. vicina, will remain active as conditions become more favorable for
their activity (Horenstein, 2007, George et al., 2013). Although C. vicina adults and larvae have
consistently been shown to be more tolerant to lower temperatures in laboratory studies and in
the wild in locations such as Australia, they can still remain active year-round, demonstrating the
regional-evolutionary consistency of this species (George et al., 2013, Ody et al, 2017).
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Unexpectedly, however, in studying blow fly communities in California, Brundage et al. (2011)
did not find evidence of C. vicina in their testing location even in winter months, although they
note that C. vicina is a widely distributed species in California. The scientists note that this could
be due to multiple factors, such as differences in collection methods, changing distribution
patterns due to climate changes, microclimate conditions that impacted dispersal ability, or it
could reflect that C. vicina is less common in their immediate area due to microhabitat conditions
potentially limiting the species from the area.
Like other invertebrate and vertebrate species, changes in the distribution and behavior of
blow flies may be influenced by the specific sets of conditions present in their microhabitats
(Byrd & Castner, 2001) Major regional temperatures and climates are well-documented by local
weather stations (Byrd & Castner, 2001). However, it is important to note that crimes do not
always occur in the immediate area of a weather station, and outlying microclimates contain their
own variables in temperature, humidity, and rainfall (Charabidze & Hedouin, 2019). This
information can differ greatly from the area where a weather station is collecting data (Byrd &
Castner, 2001). Additionally, an increased distance of a corpse from a major weather station
decreases the accuracy of temperature recordings since microclimates reflect differences in
ambient temperatures influenced by factors such as their proximity to bodies of water, light
penetration, wind exposure and precipitation patterns (Byrd & Castner, 2001). Given the
importance of temperature in the behavior and development of blow flies, it is important to
understand and account for microclimate differences that may occur on a smaller regional scale.
Precipitation, in particular, can prevent adult blow flies from flying and accessing a
resource as quickly as they normally would on a clear day (Byrd & Castner, 2001, Mahat et al.,
2009). In addition, in circumstances where colonization has already occurred, heavy rain can
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wash away eggs or larvae and can increase mortality should egg masses/larvae become saturated
(George et al., 2013). In response to these conditions, adult females appear to have adapted their
behavior to regions with high precipitation. For example, in locations with rainy seasons, such as
those found in Mahat et al.’s (2009) study in Malaysia, intermittent or light rains did not
completely impede recruitment and colonization altogether. The scientists found that, during
rainy seasons, an intermittent break in rainfall may encourage oviposition as adult blow flies will
readily locate a resource and quickly oviposit, taking advantage of the small window of
opportunity to colonize the resource. This observation supports the complexity blow fly
behavior, specifically how female blow flies must evaluate their immediate surroundings and
consider their innate biological needs in order to reproduce successfully.
As previously established, PMI is determined by correlating development rates of
particular species collected from a decedent, which is dependent upon the local conditions
experienced by the larvae during their growth (Kamal, 1958, Byrd & Castner, 2001). It has been
shown that temperature also plays an important role in influencing oviposition events, as studies
have demonstrated temperature requirements for these specific behaviors. In a study by Ody et
al. (2017), the scientists reported that temperature impacted the ability or choice of the female
blow fly to oviposit. For example, in their study, C. vomitoria and L. sericata’s lowest
temperatures at which they oviposited were 16 ºC and 17 ºC, respectively. These findings were
different from that of C. vicina which were able to lay eggs at 10 ºC. In contrast, the highest
temperatures that C. vicina laid eggs were at 35 ºC which was 5 ºC lower than that of C.
vomitoria and L. sericata’s highest oviposition event temperatures. This demonstrates speciesspecific variability in both the range of temperatures that are considered suitable and how these
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temperature requirements may change with respect to different behaviors, which remains to be
an area of research that has not widely been explored.
Ody et al.’s (2017) study supported that differences in optimal temperatures and
thresholds are species-specific and may be reflected in habitat differences in the distribution of
species or in the differences in availability or abundance across seasons (Benbow et al., 2013,
Rosati, 2014). Their findings supported those of others that L. sericata preferred higher
temperatures for egg-laying, while C. vicina were capable of laying their eggs at lower
temperatures showing that this species may be better adapted for cooler seasons (Deonier, 1940).
Their data demonstrates that temperature can be correlated to the probability of oviposition and
that temperatures can potentially be used predictively in ovipositional studies. Additionally, Ody
et al.’s (2017) data also demonstrate that blow fly species may exhibit optimal temperature
ranges for oviposition activities as they observed that females laid more eggs on a resource when
temperature conditions were consistent for optimal activity. This finding supports other data that
thermophilic species such as L. sericata will lay more eggs at higher temperatures (Tomberlin et
al., 2011a). For example, Tomberlin et al. (2011a) demonstrated that the two species, L. sericata
and P. regina, tended to lay significantly more eggs at 30 °C. This behavior supports “optimal
oviposition theory" as these studies demonstrate that blow flies are more likely to be active under
specific conditions that would also maximize the survivability of their offspring (Jaenike, 1978).
With respect to the time it takes for a female blow fly to decide to oviposit, research has
shown that this time decreases with the increase of temperature, however, even under optimal
temperatures, this time could still take up to an hour after exposure (Hans et al, 2019).
Additionally, studies have shown that during cooler months, arrival times for general species can
take anywhere from 26 hours to 126 hours, provided that conditions are still suitable for blow fly
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activity (Mohr & Tomberlin, 2015). This discrepancy in time could be due to any combination of
aforementioned factors such as a variation in temperature, humidity, slower rate of
decomposition of the carcass or slower movements due to colder temperatures that could limit
dispersal ability and other behaviors. Looking further into the combining effect of these variables
and their effect on blow fly behavior may point scientists in the right direction in increasing the
reliability of PMI estimates.
The effect of environmental factors on the activity of blow flies is extremely complex.
Extensive observation and comparison of arrival and colonization times in wild populations is in
need of further development (George et al., 2013). Each previously mentioned factor has been
independently studied and flagged for their influence upon blow fly activity; Researchers have
conducted studies that have explored these factors in controlled laboratory settings (Deonier,
1940, Kamal, 1958, Yang & Shiao, 2012, Ody et al, 2017, Hans et al, 2019), however if delays
in colonization are noted, it is important to exercise caution as this may not always directly
reflect what has been observed in field studies (Byrd & Castner, 2001). It is important to note
this because crimes do not occur in vitro, and therefore, factors must continue to be evaluated
together in the wild for future studies. The setting of a crime, with its own complexity, is
extremely influential to blow fly activity and affect the PMI. This timing of blow fly colonization
and the factors that influence it are also important to understand in vivo as studying these
behaviors in a natural setting is more reflective of what occurs at a crime scene.
Prior to the initial colonization of a resource, there are many biotic conditions that must
be met, including optimal foraging requirements to ensure egg production, access to a mate,
successfully finding a resource that will suffice for oviposition, in combination with the
environmental conditions that further promote offspring survivability (Tomberlin et al. 2011b).
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Other biotic factors such as intra (within the same species) and inter (between species)
interactions may influence arrival and colonization, which cannot be accounted for in lab studies
when examining only one or two species at a time. Some of the factors missing from laboratory
settings include lack of the full scope of competition available in the wild (Hans et al, 2019). For
example, the aggregation of more than two blow fly species such as that of P. regina, may have
larger implications when it comes to areas of higher species diversity and a large range of
compositions of a region (Rosati, 2014). By conducting studies in the wild, these factors are
accounted for and arrival times may be evaluated without the influence of laboratory limitations.
These studies would ultimately account for and correlate these influencing factors into a
predictive model that can be used to predict and validate aspects of PMI calculations.
The purpose of this study is to evaluate the effect of season on blow fly arrival time,
colonization time and community composition to further understand blow fly activity within the
first day of exposure in a field-based setting. The variables measured included time of blow fly
arrival/oviposition, temperature at arrival/oviposition, ADH at arrival/oviposition and species’
relative abundance. The null hypothesis proposed (Ho) is such that season will not have an effect
on any of the variables measured and there will be no difference between summer and fall
activity. In contrast, the alternative hypothesis (Ha) is that season will have an effect on
arrival/colonization times and/or species composition. This would be evident in a significant
difference in the variables measured, influencing any or all of the variables positive or negatively
with respect to lengthening or shortening the pre-CI or causing a difference in community
composition.
To evaluate the effect of season on blow fly arrival, colonization and community
composition, rat carcasses were placed in the natural environment of semi-rural West Milford,
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New Jersey to evaluate the blow fly activity in the summer and fall of 2021 (West Milford
Chamber of Commerce, 2021). Following exposure to rat carcasses, blow fly arrival times and
the time of oviposition were documented. The activity was directly recorded using video
recording software and correlated to egg clutches present on the carcasses. Upon examination of
the footage and larval rearing of each trial, the populations and species of flies were documented
to observe possible differences in blow fly recruitment, colonization and species. The
significance of this work is to better understand the factors that influence blow fly behavior,
specifically with respect to the colonization of a resource, to further our knowledge of the events
that occur within the pre-CI. Ultimately, this will contribute to the knowledge base regarding
blow fly activity and their reliability as PMI indicators.
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Materials and Methods:
This study was conducted in West Milford Township, in Passaic County, New Jersey, in
a woody and semi-rural area: 191.0 m/626.6 ft elevation; location: 41.14827, -74.35493 (Figure
3) (West Milford Chamber of Commerce, 2021). Data collection took place over a seven-month
period from June 2021 to December 2021, spanning two seasons: summer and fall. The test site
included private property adjacent to a wooded area, with carrion being placed 19.50 m away
from a residence (Figure 4).

Figure 3: Test site location in West Milford, New Jersey. The test site’s general location is
located on a private property in a semi-rural, heavily wooded area. Image courtesy of
GoogleEarth™ . Retrieved August 4th, 2022.
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Control

Test Site

Figure 4: Test site location on the private property located at 14 Beaver Ave, West Milford,
New Jersey. Test site location relative to the property was 19.50 m away, as demonstrated by the
red arrow. Control was placed 19.50 m away from the testing site (appx 10-11 m away from the
residence). Image courtesy of GoogleEarth™. Retrieved August 4th, 2022.

The carrion was placed atop a table that was approximately 0.71 m above the ground to
limit crawling bugs from entering the test site. To observe and record blow fly arrival and
colonization and to limit any impact due to human disturbance, a Logitech HD Pro Webcam
C920 (Logitech, Suzhou, China), 1080 p webcam was mounted on a tripod and placed on the
table 50.8 m above the carcass placement. The video recorded captured the full field of view of
the carcass. The camera was connected with an extension cable lead through a closed window to
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a laptop located within the residence. Blow fly activity was recorded using OBS Studio
recording software (Version 27.1.3) on a Lenovo Laptop (15” YOGA 730-151KB). The
recording software simultaneously recorded the test site and current time that was streamed from
the website “Time.is” (https://time.is/) (Figure 5). Exact times of blow fly activity were
determined by what was displayed in this website.

Figure 5: Screenshot of the video captured for Trial 40. OBS recording software is capable of
recording a webcam’s video stream while also capturing any window open on the desktop. The
time displayed and recorded on the bottom right-hand corner of the screen capture was streamed
from the website (https://time.is) and displayed exact eastern standard time during the course of
the video. Details of the trial, including trial number, date and start time are also displayed and
recorded on the top right-hand side for consistency.
The resource used in this study were large rats (Arctic Mice™) that were obtained from
PetSmart™. Carcasses had a similar mass with a mean carcass weight of 198 (+ 20.5 g) and a
range from 152g to 247g. Each rat was weighed using an Ozeri ZK14-S Pronto Digital
Multifunctional Kitchen and Food Scale (Ozeri Kitchen, China). Blow flies are not likely to lay
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on cold/frozen carcasses due to temperature sensitivity and will not be recruited due to the
unavailability of VOC’S (Hans et al, 2019) therefore, prior to the onset of each trial, one rat was
sealed in a box (29.21cm x 16.51cm x 9.65cm) and thawed at room temperature in the residence
for 24 hours before exposure to wild blow fly populations.
Trials began when the resource was placed within the test site, which occurred
consistently at the time of sunrise (Figure 6). Sunrise of each day was determined using the Time
and Date website (https://www.timeanddate.com/sun/usa/new-york). Temperature and humidity
data was recorded using an Elitech GSP-8 Data Logger (Elitech Technology Inc., San Jose,
California) positioned directly next to the resource which recorded data from the time of trial
start to the end in 5-min intervals. Local weather data was compiled using local weather forecasts
for West Milford, New Jersey, obtained from The Weather Channel
(https://weather.com/weather/tenday/l/West+Milford+NJ) in combination with direct
observations at the test site location.
Behavioral observations and timing of arrival/colonization events were confirmed via
video analysis as the videos were all captured within viewable range of blow fly behavior. Egglocations on the carcass were documented and correlated to the behaviors observed on the videos
to determine the first oviposition event/the end of the pre-CI. Each trial concluded when the
ovipositional behaviors were observed and visual confirmation of blow fly eggs were noted or at
sunset if colonization did not occur (approximately 8-12 hours, post exposure).
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Figure 6: Diagram of test site area including Logitech HD Pro Webcam mounted on a tripod
above the carcass. Carcass was in full field of view of the camera and propped up on a box that
lifted it 9.65 cm closer to the camera. Data logger was sitting beside the carcass for temperature
gathering in 5-minute intervals.
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Ten preliminary trials were conducted from June 4th to June 24th, 2021 to determine if a
rat >100g was a viable resource for oviposition (Yang & Shiao, 2012) and to determine which
fly behaviors were indicative of oviposition. Carcasses were examined to confirm oviposition
occurred and the following behaviors that were consistently observed were then used as
behavioral checkpoints for oviposition: Arrival, Scouting/Feeding, Leave/Return Cycles, return
with ovipositor out, Ovipositor Dipping (Rice, 1977)/ “Travel Poke” behavior and remaining still
on the carcass for >5 min (approximately 5-45 min) with pulsating movements. Observations of
these behaviors and subsequent examination of the resource was carried out to confirm
oviposition occurred for subsequent trials included in this study.
Timing of oviposition and oviposition behaviors were recorded for a total of 64 trials
spanning from June 2021 through the end of December, 2021. Controls for each trial were a dish
with water containing generic brand, scentless dish soap to ensure that blow fly arrival and
colonization occurred due to carcass presence. Controls were placed 19.5 m away from the
testing site and approximately 10-11 m away from the residence (See Figure 4).
When colonization of the resource occurred, eggs were reared to confirm species
identification. Each carcass was placed in a 32-oz, wide mouthed Ball Mason Jar with Premium
Pine Shavings (Tractor Supply Co., Eastwood, Tennessee) and was sealed with a metal ring and
a sheet of 100% Polypropylene breathable air filter (HanilSF, Korea) to allow ventilation (Figure
7). Larvae were allowed to continue development and additional resource (locally sourced beef
liver) was added ad libitum to ensure proper development and maximize survival. Each
population being reared in the jars was allowed to develop for 3 weeks. Upon rearing, it was
noted that some jars had larvae that failed to pupate within that time. When this occurred,
Miracle-Gro All Purpose Garden Soil was added to the rearing jars and larvae were allowed to
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develop at room temperature for an additional 2 weeks. Once emergence ceased, adults were
frozen to preserve the adults for later species identification. Species identification was
determined using, Smith, 1986.

Figure 7: Image of rearing jar with carcass inside containing pine shavings. Soil and beef liver
were added ad libitum to ensure proper development and maximize survival of larvae for
subsequent species identification.
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Time of Recruitment (TA):
The time of arrival was marked down by observing the presence of a blow fly species on
any part of the field of view of the camera. Since species identification could not be conducted
without disturbing the resource or removing the flies as they were observed, thus significantly
impacting the variables measured, arriving flies were classified into major fly tribes, or
subgroups, and classified as Luciliini (green bottle flies), Calliphorini (blue bottle flies), or
Phormiini (black bottle flies) using the Integrated Taxonomic Information System (ITIS)
(https://www.itis.gov), Whitworth (2019) and Hall (1948) classification systems. Blow fly arrival
was marked down as the time of recruitment (Appendix 1a & 1b). This time correlated to the
time that was provided by the “Time.is” (https://time.is/) captured live on the screen (Figure 8).
The length of time between start of the trial/initial exposure and arrival is symbolically noted as
TA for the remainder of this report.

Figure 8: Image of time of arrival for a blow fly classified under Luciliini (green bottle) that
landed directly on the carcass. The subgroup was clear to view on the video based on physical
traits delineated by the Integrated Taxonomic Information System. Arrival time was noted and
correlated to the temperature captured by the data logger, seen on the bottom of the image.
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Statistical Analyses:
Due to a non-normality of the data, a bootstrapped (k=1000) univariate analysis of
variance was performed on TA with season as a main factor using IBM SPSS Statistics Software
(Version 28.0.1 001) (p = 0.05).
Due to a non-normality of the data, a bootstrapped (k=1000) univariate analysis of
variance was performed on the differences in average daily temperature for fall trials without
arrivals and temperatures for fall trials with arrivals using IBM SPSS Statistics Software
(Version 28.0.1 001) (p = 0.05).
Time of Oviposition (TO):
The time of colonization was marked down by observing the aforementioned behavior
qualifications exhibited by a female blow fly on any part of the carcass. Ovipositing flies
captured on video were classified into tribes in the same way as arriving flies. Blow fly
oviposition was marked down as the time of colonization (Appendix 1a & 1b). This time
correlated to the time that was provided by the “Time.is” (https://time.is/) captured live on the
screen. The length of time between start of the trial/initial exposure and colonization is
symbolically noted as TO for the remainder of this report.

Statistical Analyses:
Due to a non-normality of the data, a bootstrapped (k=1000) univariate analysis of
variance was performed on TO with season as a main factor using IBM SPSS Statistics Software
(Version 28.0.1 001) (p = 0.05).
Due to a non-normality of the data, a bootstrapped (k=1000) 2-factor univariate analysis
of variance was performed on the temperatures at arrival and oviposition event testing for main
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and interaction effects using season and arrival and oviposition events as factors using IBM
SPSS Statistics Software (Version 28.0.1 001) (p = 0.05). Pairwise comparisons were conducted
using a Bonferroni correction to examine the differences in arrival and oviposition temperatures
over the two seasons.
Due to a non-normality of the data, a bootstrapped (k=1000) univariate analysis of
variance was performed on the differences in average daily temperature for fall trials without
oviposition events and temperatures at for fall trials with oviposition events using IBM SPSS
Statistics Software (Version 28.0.1 001) (p = 0.05).
ADH of Recruitment and Colonization of the carcass:
Temperature data was recorded using an Elitech GSP-8 Data Logger (Elitech Technology
Inc., San Jose, California). The temperature data was converted into accumulated degree hours
(ADH) according to this equation:
ADH =∑ (hourly temperature x hour).
These values were calculated only for the total hours of exposure of the carcass for each
trial. All rats were thawed overnight at ambient temperature for an accumulated time of 24 hours.
These ADH were omitted as they were exposed equally to ambient temperature. The ADH
values were calculated from the moment the carcass was placed in the test site until
recruitment/colonization times. Statistical analysis was carried out with SPSS Statistical
Software (version 28.0.1) to determine statistical difference between the seasons and ADH at
arrival/oviposition events (p = 0.05). ADH of arrivals will be symbolically noted as ADH-A for
the remainder of this report and ADH of oviposition will be symbolically noted as ADH-O.
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Species composition:
Each species was individually counted and totaled per each trial (Appendix 2a & 2b).
Relative abundance of each trial was individually calculated by taking the percent composition
of individual species in the trial relative to the total number of emerged adults in each jar to
understand the species composition of the West Milford area (Appendix 2a & 2b):
𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑜𝑛𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑖𝑛 𝑡𝑟𝑖𝑎𝑙

Relative abundance = 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑑𝑢𝑙𝑡 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑖𝑛 𝑡𝑟𝑖𝑎𝑙
The Shannon Diversity index for each trial was calculated by using the following
equation to determine the diversity between the summer and fall populations of the West Milford
area:
Shannon Diversity Index (H) = − ∑𝑆𝑖=1 𝑝𝑖 ln(𝑝𝑖 )

Statistical Analyses:
Due to a non-normality of the data, a bootstrapped (k=1000) univariate analysis of
variance was performed on H as the season changed from Summer to Fall using IBM SPSS
Statistics Software (Version 28.0.1 001) to determine statistical difference between the seasons
(p = 0.05).
Non-metric Dimensional Scaling (NMDS) with Multi-Response Permutation Procedure
(MRPP) were performed upon the community composition to determine if season was a
significant grouping factor for blow fly recruitment and colonization (p = 0.05).
NMDS was used to group trials in a 2-dimensional space by their similarity in relative
abundance of reared adults and the first sub-group to arrive and oviposit (Appendix 2a & 2b).
NMDS was performed using XLSTAT program (Version 2022.3.1/on Excel 16.0.15330).
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MRPP was performed with the Euclidean distances generated from the NMDS data and
carried out IBM SPSS (Version 2.8.0.1.1, 15) statistical software following Cai, 2006’s syntax
provided by (http://lcai.bol.ucla.edu/mrpp.txt).
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Results:
The Effect of Season on Arrival Times for Blow Flies:
There was significant effect of season on the arrival of blow flies on the resource TA (F1,
43

= 37.57, p < 0.001).
Summer experiments consisted of 31 trials held from June 26th, 2021, to September 21st,

2021, with carcasses being placed out every other day, subject to weather permitting. The mean
temperature at arrival for all trials was 19.9℃ (± 2.35℃) and ranged from 18.4℃ to 27.4℃. All
summer trials resulted in blow fly arrival with a mean TA of 1.71 (± 1.55 hrs) from the onset of
carcass placement. The shortest TA (or TA (min)) was 0.07 hrs (4 minutes) which occurred on
August 9th, 2021 at 06:04 hrs for Trial 25 (Figure 9). The first arriving fly for this trial (Trial 25)
was classified as a Luciliini fly (green bottle) (Appendix 2a) and the temperature during the
arrival event was 18.5℃. The longest TA (TA (max)) was 5.55 hrs which occurred on September
10th, 2021 at 12:06 hrs for Trial 37 with a temperature of 20.2℃. The first arriving fly for this
trial was also classified as a green bottle fly. In general, the first sub-group recruited in the
summer were primarily green bottle flies except for Trials 34 and 35 held on September 4th and
6th, 2021, in which Calliphorini flies (blue bottles) appeared first (Appendix 2a). Of these
summer trials, 29 out of 31 trials recruited green bottles first, and 2 out of 31 trials recruited blue
bottles first. Though green bottle flies were amongst the first group of flies to arrive, Phormiini
flies (black bottles) and blue bottle flies were noted as well during the length of these trials.
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Figure 9: Summer trial with the earliest time of arrival at 06:04 hrs. A green bottle fly landed
directly on the resource and was clear to view on the video. Image within is a screen capture of
the light hitting the fly at a different angle and zoomed in. Arrival time was noted and correlated
to the temperature captured by the data logger, seen here on the bottom of the image.

Fall experiments consisted of 33 trials held from September 27th, 2021, to December
20th, 2021, with carcasses being placed out every other day, subject to weather permitting.
Fourteen out of thirty-three trials resulted in blow fly arrivals: The mean TA for these trials was
4.56 hrs (± 1.17 hrs). The mean temperatures for arrivals were 16.3℃ (± 2.88℃) and ranged
from 12.3℃-22.5℃. The TA (min) in the fall took 3.15 hrs which occurred on October 13th, 2021
at 10:14 hrs for Trial 8. The temperature during this arrival event was 17.4℃ and the first
arriving fly was classified as a green bottle fly. The TA (max) for the fall was 7.92 hrs which
occurred on November 10th, 2021, at 14:36 hrs for Trial 19 with a temperature of arrival of
16.9℃. The first arriving fly for this trial was classified as a blue bottle fly. In general, the first
sub-group recruited in the fall started as green bottle flies transitioning into blue bottle and green
bottle flies which then transitioned into no arrivals at all (Appendix 2b). Of the trials that had
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recruitment, 6 out of 14 trials recruited green bottles first, and 8 out of 14 trials recruited blue
bottles first.
In the fall experiments, nineteen trials did not have the occurrence of blow fly arrivals:
The mean temperatures for trials without arrivals was 7.97℃ (± 4.34℃) and ranged from 1℃19℃. Only 14 out of 33 trials resulted in blowfly arrivals for Fall, 2021. Trials occurring on
October 9th, 17th and 28th, November 2nd, 4th, 14th, 16th, 22nd through December 14th and
December 20th all resulted in no arrivals. As shown in Table 1, there was a significant difference
in mean temperatures of the fall trials with blow fly arrivals versus the fall trials without blow fly
arrivals (F1, 31 = 38.68, p < 0.001).
Table 1: Mean temperatures (±1SE) for fall trials with and without blow fly arrival events. There
was a significant difference in temperature between trials with arrivals and trials without arrivals
in the fall (p<0.001).

Mean Fall temperatures

Trials with Arrivals (℃)

Trials without Arrivals (℃)

16.3 ± 2.88

7.97 ± 4.34

Observational Results on Arrival and Colonization Behavior of Blow Flies:
In all trials, blow fly females demonstrated several consistencies with respect to their
behavior between the arrival and colonization event. Arrival on the resource was followed by
scouting the carcass by walking atop of it and feeding from the orifices such as the mouth and
rectum of the carcass. Following this initial contact, blow flies would then, leave the resource
and return multiple times, often coming back with other blow flies of the same or different
species. Female blow flies would then return with their ovipositors extended, or shortly
thereafter, extend it on the resource. Females would then “probe” the resource by lengthening
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their ovipositors into the fur of the rat and probe while walking across it. This was termed
“Travel-poke” behavior and was consistent with each trial (Figure 10). This behavior denoted the
onset of the acceptance phase approaching the time of colonization. Following this behavior, the
blow flies would select a spot on or under the carcass to back into and exhibit pulsating
behaviors with their ovipositor. They would remain in this spot for at least 5 minutes The range
of time that they remained still was between 5 min 45 min at the most. The time of colonization
was correlated with this time.
5-minute length of time was used as a qualifier for the oviposition event in this
experiment to ensure that this behavior was consistent. Sometimes the spots on the resource they
were ovipositing upon were hidden, however the prior qualifiers in combination with tracking
their movements/sitting still were used to determine oviposition event and location. In
conjunction with behavior analysis, the presence of egg masses (clutches) was physically
confirmed to be present in these denoted locations of interest once the carcass was examined at
the end of each trial. Photos were taken to document these spots and correlate with the time and
behavior shown on the video.
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Figure 10: Screenshots of Trial 36 demonstrating the observed “travel-poke” behavior. Images
taken from the video show the female blowfly on the bottom of the screen traveling from the
right, stopping to lower their ovipositor into the fur of the carcass and then continuing to travel
(images depict this movement in sequence from left to right).
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The Effect of Season on Blow Fly Colonization Times:
There was significant effect of season on the timing of blow fly colonization TO (F1, 39 =
22.81, p < 0.001).
In summer, the mean TO was 2.94 hrs (±2.27 hrs). The mean temperatures at all
oviposition events were 21.2℃ (± 2.31℃). The TO (min) in the summer was 0.43 hrs (26 min)
which occurred on August 9th, 2021 at 06:26 hrs for Trial 25. The temperature at the oviposition
event for this trial was 18.4℃ and the first colonizing fly was classified as a green bottle fly. The
TO (max) in the summer was 8.27 hrs which occurred on September 14th, 2021 at 14:53 hrs for
Trial 39. The temperature at the oviposition event for this trial was 25.5℃ and the first
colonizing fly was also classified as a green bottle fly. In general, the first sub-group that
colonized in the summer was primarily green bottle flies except for Trial 35 held on September 4
6th, 2021, in which a blue bottle fly colonized first (Appendix 2a). Of these summer trials, 30 out
of 31 trials were colonized by green bottles first, and 1 out of 31 trials were colonized by blue
bottles first.
In fall, ten out of thirty-three trials resulted in colonization events. The mean TO for these
trials was 6.64 hrs (± 1.59 hrs). The mean temperatures for oviposition events were 18.4℃ (±
2.71℃) and ranged from 14.3℃- 23.4℃. The TO (min) in the fall took 4.58 hrs which occurred on
December 16th, 2021 at 11:52 hrs for Trial 36. The temperature at this oviposition event was
15.4℃ and the first colonizing fly was classified as a green bottle fly. The TO (max) for the fall
was 9.72 hours which occurred on October 13th, 2021 at 16:48 hrs for Trial 8. The temperature
at this oviposition event was 19.3℃ and the first colonizing fly was classified as a by a green
bottle fly. In general, the first sub-group colonizing in the fall started as green bottle flies
transitioning into blue bottle and green bottle flies which then transitioned into no arrivals at all
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(Appendix 2b). Of the trials that had colonization, 5 out of 10 trials were colonized by green
bottle flies and 5 out of 10 trials were colonized by blue bottle flies.
Twenty-three trials did not result in blow fly colonization. The mean temperature for
trials without colonization was 9.46℃ (± 5.39℃) and ranged from 1℃ - 23℃. As shown in
Table 2, there was a significant difference in mean temperatures of the fall trials with blow fly
colonization events versus the fall trials without blow fly colonization events (F1, 31 = 24.29, p <
0.001). The mean daily temperatures for the fall trials with and without arrivals and oviposition
events are depicted in Figure 11.
Table 2: Mean temperatures (±1SE) for fall trials with and without blow fly colonization events.
There was a significant difference in temperature between trials with colonization and trials
without colonization in the fall (p<0.001).

Mean Fall temperatures

Trials with Oviposition (℃)

Trials without Oviposition (℃)

18.4℃ ± 2.71

9.46℃ ± 5.39

25

Degrees Celcius

20

15

10

5

0
Trials without Arrivals

Trials with Arrivals

Trials without Ovipositions

n=19

n=14

n=23

Fall Trials

Trials with Ovipositions
n=10

Figure 11: The mean daily temperatures for fall trials resulting in arrivals and oviposition events
and daily temperatures for trials without arrivals or oviposition events. There was a significant
difference in temperature between these trials (p < 0.001).
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Table 3: Mean (±1SE) times for TA, TO and Temperatures for summer and fall seasons in West
Milford, NJ. Temperature ranges for arrival and colonization for each season are subsequently
listed.

To (hrs)

Mean Temp.
at Arrival
(℃)

Mean Temp. at
Oviposition
(℃)

Temp. Range of
Recruitments
(℃)

Temp. Range of
Colonization
(℃)

1.71 ± 1.55

2.94 ± 2.27

19.8 ± 2.35

21.2 ± 2.31

15.7 – 27.4

18 – 27.8

4.56 ± 1.17

6.64 ± 1.59

16.3 ± 2.88

18.4 ± 2.71

12.3 – 22.5

14.3-23.4

Mean

Mean

TA (hrs)

Summer
Fall

Season

Seasonal Differences in Blow Fly Activity:
Blow flies took longer to arrive and oviposit on the resource during the fall vs the
summer (Figure 12). The differences in temperatures across the two seasons examined in this
study are depicted in Table 3. Regarding temperatures at arrival/oviposition events, there was no
significant interaction effect between season and arrival/oviposition event (F3, 82 = 0.34, p =
0.560). There were significant main effects for both season (F1, 82 = 27.43, p <0.001) and events
(F1, 82 = 8.27, p = 0.005); such that summer temperatures were significantly higher than fall
temperatures and oviposition temperatures were significantly higher than arrival temperatures.
Pairwise comparisons made between arrival temperatures and oviposition temperatures for
summer and fall resulted in higher arrival temperatures in the summer (p < 0.001) as well as
oviposition temperatures (p = 0.003). Additionally, within-season comparisons of arrival and
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oviposition events were consistent with oviposition temperatures being higher than the
temperatures at the time of arrival (summer: p = 0.031; fall: p = 0.046).

8
7

Hours

6
5
4
3
2
1
0
n=31

TA

n=31

n=14
Summer

To

n=10

Fall

Figure 12: The effect of season on the arrival and colonization of blow fly species in West
Milford, NJ. Mean TA and TO for summer trials was significantly higher (p < 0.001) than the
mean TA and TO for fall trials.
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n=31
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n=14

Temperature at Arrival

n=31

Fall

n=10

Temperature at Oviposition

Figure 13: Mean temps for arrival and oviposition events during summer/fall trials. Temps at
arrival/oviposition events for the summer were 19.8℃(± 2.35) and 21.2℃(± 2.31), respectively.
Temps at arrival/oviposition for the fall were 16.3℃(± 2.88) and 18.4.2℃(± 2.71), respectively.
There was a significant difference in temperature between events (F1, 82 = 8.27, p = 0.005).
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For summer trials, the difference in mean TA and TO for each trial was 1.23 hrs. The mean
difference in time between fall TA and TO was 2.10 hours. The difference in these times between
the summer and fall was 0.87 hrs. During the summer trials, females tend to arrive and oviposit
shortly after, as compared to the fall season, where females spent more time evaluating the
resource prior to oviposition) (Table 4).
Table 4: Mean (±1SE) arrival and colonization times and time between arrival and oviposition
for summer and fall trials in West Milford NJ. The difference in these means were taken within
each season to understand the relative amount of time it took between arrival and oviposition
event (TO-TA). These means were then subtracted to understand the difference between the
length of time it took from summer and fall.
Season

TA (hrs)

TO (hrs)

(TO-TA) (hrs)

Summer

1.71 ± 1.55

2.94 ± 2.27

1.23 ± 1.58

Fall

4.56 ± 1.17

6.64 ± 1.59

2.10 ± 1.84

TS= [(TO-TA)( TO-TA)] (hrs)
0.87 hrs

Effect of Season on ADH of Blow Fly Arrival and Oviposition Events:
In summer trials, the mean ADH-A at the time of arrival was 40.51 (± 5.15). In fall, the
mean ADH-A for trials where arrival events were recorded was 57.15 (± 7.66) (Table 5). There
was no significant effect of season on the mean ADH-A of the carcass (F1,43 = 3.25, p = 0.078).
In summer trials, the mean ADH-O at the time of oviposition was 62.88 (± 7.76). In the
fall, the mean ADH-O for trials where oviposition events occurred was 93.16 (± 13.7) (Table 5).
There was no significant effect of season on the mean ADH-O of the carcass (F1,39 = 3.71, p =
0.061).
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Table 5: Mean (±1SE) ADH for arrival (ADH-A) and oviposition (ADH-O) events during
summer and fall trails in West Milford, NJ. There was no significant effect of season on the
mean ADH-O of the carcass (F1,39 = 3.71, p = 0.061).
Season

ADH-A

ADH-O

Summer

40.5 ± 5.15

62.9 ± 7.76

Fall

57.2 ± 7.66

93.2 ± 13.7

The Effect of Season on Blow Fly Community Composition:
The Shannon Diversity indices of the summer and fall were 3.90 and 0, respectively
(Appendix 3). There was a significant difference in species diversity from summer to fall trials
(F1,62 = 6.52, p = 0.013), with higher levels of diversity (H) in the summer trials than in the fall
(Figures 15 and 16).
NMDS was conducted on species relative abundance, first sub-group recruited, first subgroup to colonize data and controls for each trial (Figure 14). All controls throughout the length
of this study contained no blow flies or blow fly eggs present by the end of each trial, therefore
controls and fall carcasses without arrivals/colonization clumped together due to similarity in
inactivity. MRPP analysis determined that there were distinct groupings and a significant
difference between the summer and fall trials as a whole (δ= 0.0025, T=-12.86, p=<0.001).
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Figure 14: Spatial data for NMDS analysis on community composition, species and
arrival/oviposition status for summer and fall trials. All controls clump together and are written
as “C-” before the trial number on the bottom left to mid side of the plot. MRPP analysis
determined there is a significant difference between spring and fall carcasses (δ= 0.0025, T=12.86, p=<0.001).

In summer trials, the first fly type to arrive and oviposit was consistently a Luciliini fly.
However, this does not exclude other species as colonizing species, such as Phormiini flies and
Sarcophagidae (flesh flies) that were also reared to adulthood. The summer species composition
that was reared included the Luciliini flies (green bottle), L. sericata, L. coeruleiviridis, and L.
illustris, the Phormiini fly (black bottle), P. regina, the Calliphorini flies (blue bottle), C. vicina
and C. stelviana, and flesh fly. Flesh flies were present in Trial 22 on July, 22nd, 2021. There
was a total of 7 species available in the Summer (Appendix 3).
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Many larvae and pupae did not fully develop into adults and made up 53% of the rearing
results for summer trials. Greenbottles made up 41%, black bottles made up 5.60%, blue bottles
made up 0.56% and flesh flies made up 0.03% of the sub-groups identified in the summer trials
(Figure 15). Of the species that developed into adults, L. sericata made up 30.4%, L.
coeruleiviridis made up 57%, L. illustris made up 0.03%, P. regina made up 12%, C. vicina
made up 1.20%, C. stelviana made up 0.03% and Sarcophagidae made up 0.06% (Figure 16).
0.56%

0.03%

5.60%

Undeveloped
Luciliini
Phormiini
41%

53%

Calliphorini
Sarcophagidae

Figure 15: Pie chart of the general sub-group composition for results of summer trials. Luciliini
made up 41%, Phormiini made up 5.60%, Calliphorini made up 0.56% and Sarcophagidae made
up 0.03% of the tribes identified in the summer trials.
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1.20%

0.03%

0.06%

12%
0.03%
L. sericata
30.40%
L. coeruleiviridis
L. illustris
P. regina
C. vicina
C. stelviana
Sarcophagidae
57%

Figure 16: Pie chart of the species composition for all adults that were successfully reared in the
summer. L. sericata made up 30.4%, L. coeruleiviridis made up 57%, L. illustris made up 0.03%,
P. regina made up 12%, C. vicina made up 1.20%, C. stelviana made up 0.03% and
Sarcophagidae made up 0.06% of all adults reared and identified in the summer.

For fall trials, the only species reared was the blue bottle fly, C. vicina. Many larvae and
pupae did not fully develop into adults and made up 69% of the rearing results, with C. vicina
comprising the remaining 31% of the samples (Figure 17). In the fall, while green bottle flies
were observed, they were not documented as the first fly type to oviposit nor did their offspring
appear to survive the fall temperatures. In the 4 trials that resulted in arrivals but no oviposition,
both green bottle flies and blue bottle flies were present but then left and did not return to the
resource to oviposit. There was a total of 1 species available in the Fall (Appendix 3).
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31.20%

Undeveloped
Calliphorini

69%

Figure 17: Pie chart for the sample composition for undeveloped and reared species for fall
trials. Underdeveloped larvae made up 69% of the fall trials, and Calliphorini, all C. vicina, made
up 31.2%.
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Discussion:
Blow flies are attracted to corpses they can detect from very far distances (Byrd, &
Castner, 2001, Frederickx et al, 2012) and their recruitment and oviposition events play an
important role in the decomposition process of carcasses (Payne, 1965). The colonization of a
resource is important forensically, as it forms the basis for colonization estimates, ultimately
providing valuable information in reconstructing timelines and PMI estimations in death
investigations. Despite this significant role, blow fly behavior before colonization and the factors
that influence egg laying is still not well-known. Tomberlin et al., (2011b) highlighted the
importance of understanding these behaviors and defines this period of time as the pre-CI. This
interval before oviposition can consist of any number of behaviors that are influenced by the
environment and blow fly physiology before advancing to the post-CI stage. These unknown
behaviors and their timeline must be uncovered to understand when the post-CI would truly
begin for better and more accurate PMI estimates. This study sought to understand precolonization behaviors and variables influencing them to understand how they prolonged or
shortened the pre-CI (pre-arrival and pre-colonization times).
Seasonal Effects on Blow Fly Arrival and Colonization:
The time taken for blow flies to arrive at the resource was significantly affected by
season, with blow flies arriving earlier on average in the summer (1.71 ± 1.55 hrs) than in the fall
(4.56 ± 1.17 hrs). This behavior appeared consistent with warm daily and overnight temperatures
(Appendix 4a-d). Additionally, as the temperatures fell and the season transitioned into fall, blow
fly arrivals took longer, on average, and plateaued into inactivity when temperatures fell below
12.3ºC. The temperatures at which the blow flies arrived in the fall (16.3℃ ± 2.88℃), were
more than twice the amount of the average daily temperatures for the trials without arrivals
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(7.97℃ ± 4.34℃). These temperatures demonstrated that average daily temperatures may be an
indicator for the potential for blow fly activity. For example, in trials where the mean daily
temperature fell below 7.97℃, there were no blow flies arriving or ovipositing on the carcasses.
However, if mean daily temperatures increased to 18.4℃, arrival and oviposition did, in fact,
occur. In addition, trials that had arrivals but no colonization occurred when the mean daily
temperatures fell between 12.3-22.5℃.
The temperatures at which the blow flies arrived and oviposited did not show a specific
interaction with season (p = 0.560). This supports that blow flies will generally arrive and
oviposit at consistent temperatures. There was a difference in significance, however, in the
temperatures at arrival and oviposition events in the summer (p = 0.031) vs the temperature at
arrival and oviposition events in the fall (p = 0.046). This may be due to different species
compositions available to arrive/colonize during the fall vs summer that have different
temperature tolerances. For example, C. vicina, was the only blow fly to have successfully
colonized fall carcasses and they are known to be more cold-adapted than green bottle flies that
were primarily active in the summer during this study (Horenstein, 2007, George et al., 2013). A
larger number of reps for fall arrival and oviposition events would clarify if there is this
distinction. Because many trials, specifically towards the middle/end of fall, did not result in
arrival nor colonization, there was a substantially lower number of trials available in the fall.
Further analysis and more repetitions would be suggested to clarify this significance. These
findings demonstrated the effect of season and temperature on arrival and oviposition times and
their role in influencing blow fly behavior.
In the summer, all trials resulted in blow fly recruitment. This supports the idea that the
summer may hold optimal temperatures for them to detect, locate and travel to the carcass
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(Tomberlin, 2011, Matuszewski & Mądra-Bielewicz, 2016). The fall trials, on the other hand, did
not have the same consistency. Many trials in the fall resulted in lack of arrivals (23 out of 33
trials) and therefore a lack of oviposition events. Four out of thirty-three trials in the fall had
arrivals but no colonization. A majority of these trials occurred later in the fall as the season
transitioned into winter (Appendix 1b). Due to their similarity in inactivity, these fall trials
grouped together with all controls when performing NMDS because they did not exhibit
arrival/colonization of flies (Figure 14).
The temperatures at which the blow flies arrived in the fall (16.3℃ ± 2.88℃), were more
than twice the amount of the average daily temperatures for the trials without arrivals (7.97℃ ±
4.34℃). These temperatures demonstrated that average daily temperatures may be an indicator
for the potential for blow fly activity. For example, in trials where the mean daily temperature
fell below 7.97℃, there were no blow flies arriving or ovipositing on the carcasses. However, if
mean daily temperatures increased to 18.4℃, arrival and oviposition did, in fact, occur. In
addition, trials that had arrivals but no colonization occurred when the mean daily temperatures
fell between 12.3-22.5℃. Thus, in the fall, blow flies typically arrived at the carcass when
temperatures were nearly twice the temperatures when arrival did not occur.
As observed in this study, blow flies were significantly influenced by seasonal
temperatures and were most active when temperatures are between the 12.3℃-27.4℃ (Appendix
1a & 1b). For all trials that resulted in blow fly arrivals, temperatures fell within their active
range, and this activity increased as daily temperatures also increased. This was also supported
by the consistency in ADH at the time of arrival and colonization between seasons and the longer
time to arrival and colonization during the fall season. The temperature at arrival that occurred in
trials with recruitment, suggested that blow fly activity may have been delayed until daily
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temperatures reached a peak before they were actively recruited to the carcass (Appendix 4a &
4B). In addition, this study demonstrated that blow flies were able to determine when the
weather was too cold for sustainability and either, they did not choose to oviposit after arrival,
they did not risk traveling to the resource, or they were physically unable to do so, as
temperatures fell below their minimum thresholds for activity.
Alternatively, the blow flies determined temperatures that were optimal for oviposition; a
range of 14.3℃ to 27.8℃ (mean of 20.5℃ ± 2.67℃). This range of temperatures encompassed
the heat of acceptance of both green bottle and blue bottle flies across both seasons. During these
trials, the behaviors of female blow flies that were observed remained consistent. Regardless of
species or sub-group, all female flies behaved in the same way when readying to oviposit. The
female blow flies would arrive, scout the resource by walking around it and feeding, then leave
and return with other blow flies. Females would then use their ovipositors to probe the resource
in order to locate a suitable location for egg laying (Rice, 1977). These behaviors are important
to understand and quantify, as they may be correlated with time and temperature data/ADH for
higher reliability of PMI estimates. Thus, more studies need to be conducted to elucidate the
many complex behaviors that are carried out by female flies prior to oviposition. This would help
further our understanding of the pre-CI and the driving forces that lead to colonization and the
progression from the pre-CI to the post-CI.
The trials where blow flies arrived but did not oviposit (October 1st, 15th, 19th and
November 8th, 2021), may support “optimum oviposition theory’ where female flies can
determine when conditions are no longer sustainable for successful development (Jaenike, 1978,
Mohr & Tomberlin, 2015). It is of note that for fall trials with arrivals, but no oviposition, there
were particular behaviors that were missing. Whereas the trials with oviposition events included

51

all aforementioned qualifying behavior cues (Scouting/feeding, leaving/returning, “Travel Poke”
and hiding for >5 min), trials without oviposition included only the following behaviors: blow
flies would arrive, would engage in scouting/feeding and leave/return cycles, however, a
permanent abandonment of the carcass resulted sometime after this. They were not observed to
appear back at the resource with their ovipositors out nor engaging in “travel-poke” behaviors.
Uncovering the temperatures that determine the thresholds for engaging in these distinct stages
of behaviors or the transition of these stages would also greatly increase our knowledge of the
pre-CI and the factors that drive colonization.
It is important to note that behavior analysis through indirect observation was a large
portion of this study to determine time of colonization. These behaviors were corroborated with
the locations of egg clutches on the carcass, however, indirectly determining oviposition times in
this way still may not directly reflect the exact time of colonization. It proposed that these times
be interpreted as fitting within a “window of opportunity” for oviposition, based on the
methodology of the study, rather than exact times. Further development in observation methods
and documentation of their behaviors would increase the accuracy of these timing
determinations. With that said, however, correlating the temperatures documented at the time of
the window of oviposition remained consistent and supported these determinations following
analysis. In this study, blow flies consistently oviposited when temperatures were between
14.3 ºC and 27.8 ºC which correlated to the consistent documented behaviors observed on the
videos. These results support the idea that there is a set of behavioral indicators and a range of
environmental conditions that could be used in the determination of an oviposition likelihood
window. This could drastically improve our understanding of the factors that drive blow fly
colonization.
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All colonization events followed the arrival of blow flies to the resource, but as
previously stated, was not mutually exclusive, with trials some fall trials that had recruitment
without subsequent oviposition. In trials where colonization did occur, the temperatures at which
the blow flies oviposited were consistently slightly higher than that of when they arrived.
Because the flies engaged in scouting behaviors to determine the carcass’ suitability to oviposit,
this deliberation time lengthened their time to oviposition. The deliberation times, or time
between arrival and oviposition, became vastly apparent when looking at the difference between
the two seasons. The time it took between recruitment and colonization in the fall (2.10 hrs ±
1.84) was nearly double the time it took them to make their decision in the summer (1.23 hrs ±
1.58). With respect to fall, the flies either chose to proceed with oviposition after a longer time of
deliberation or they chose to abandon the carcass all together. There is strong evidence to suggest
that this is temperature related as toward the end of the fall when temperatures dropped, the trials
resulted in longer deliberation times or non-recruitment altogether.
One trial for the fall, stands out in regard to this trend. On December 16th, 2021, there
was a break in the snow-fall and the daily temperatures were uncharacteristically warmer for the
time which resulted in blow fly arrival (Appendix 1b, 4b & 4d). On that date, pre-oviposition
behaviors and oviposition occurred, however, the eggs confirmed to be present on the carcass did
not hatch. This is possibly due to the eggs going dormant due to lower overnight temperatures,
stagnating their development or the eggs not surviving the lower temperatures overnight. Either
way, this supports that within periods of unfavorable conditions such as late fall, small periods of
time where the temperatures rise to favorable ranges may drive the need to oviposit (Appendix
4d). This behavior is much like the opportunistic behavior they exhibited during periods of
intermittent rain. A return to lack of blow fly activity continued when temperatures plummeted
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back down to 1 ºC the next day. These observations highlight the importance of understanding
weather patterns and their influence on blow fly activity.
With respect to the state of the resource used for these trials, all carcasses were obtained
and maintained in a frozen state until use. Prior to each trial, carcasses were thawed equally for
24 hours at room temperature and underwent consistent pre-treatment before exposure to the
wild population. The consistent pre-treatment of the carcasses prior to exposure ensured that any
effects observed were only in response to the seasonal differences examined in this study. The
influence of temperature upon the carcass after exposure, however, may have resulted in a slower
rate of decomposition in cooler temperatures (as noted in the fall trials) and created an additional
influence on the blow flies not to oviposit at those temperatures/conditions. Further study on the
decomposition of the carcasses would be required to understand their influence on their
recruitment behavior at these lower temperatures. It is posited, however, that higher temperatures
appeared to have a strong influence on the blow fly and carcass physiology and their recruitment
to it due to warm temperatures may be congruent with the VOC’s released during decomposition
(Byrd, & Castner, 2001, Frederickx et al., 2012).
Typically, in death investigations, ADH is calculated to aid in the determination PMImin
and PMImax of a corpse. With respect to larval development, ADH takes into account heat as a
function of time and converts this into accumulated developmental units. However, in order to
more accurately account for the developmental units accumulated by the larvae, species-specific
minimum thresholds are usually incorporated into the ADH calculations. These ADH
calculations are then used to determine how many hours the larvae were developing on the
carcass, ultimately giving an estimate for the timing of egg deposition. In this study, however,
ADH was related to the carcass instead by using a minimum threshold of 0C, to understand the
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relationship between the rate of decomposition and its relation to blow fly activity. Because all
carcasses were thawed equally before exposure and the time from rat euthanasia to carcass
preservation was unknown, ADH calculations were standardized to the moment of exposure to
blow fly activity. This gave an accurate representation of the ADH for the resource with respect
to the moment of exposure for blow fly activity and more accurately reflects the decomposition
process while accounting for time and temperature. When examining the effect of season on the
timing of blow fly arrival and oviposition, there was a significant effect, with blow flies taking
longer to arrive and oviposit in the fall season. However, when examining the effect of season on
the ADH of the resource at the time of blow fly oviposition and colonization, there were no
significant seasonal effects. This demonstrates that the blow flies consistently appeared and
oviposited at the same state of decomposition of the carcass in relation to ADH. This is
consistent with the importance of VOCs as triggers for arrival as the progression of
decomposition will release more VOCs as time passes/temperatures increase (Byrd, & Castner,
2001, Frederickx et al., 2012). Though comparison of blow fly activity between seasons was
variable in respect to time, their arrival and colonization, however, was not variable with respect
to the state of decomposition of the carcass.
Overall, there may be a balance between time, temperature and decay of the carcass that
may have an influence over the blow fly behavior. It is important to take a closer look at the
difference between daily temperatures that influence the female blow fly’s decision to arrive,
delay their arrival, oviposit or delay their oviposition. It is also important to have a broader
understanding where the thresholds lie for delay of arrival/oviposition vs. complete abandonment
or non-arrival altogether. These temperatures will demonstrate how their timing is influenced
and give forensic entomologists a better understanding of how this relates to PMI estimations.
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The significant difference between summer and fall averages in time and temperature of
recruitment and colonization demonstrated that the blow flies may require specific ranges of
temperature for optimal activity. This study also demonstrated that flies may wait until favorable
temperatures are reached to engage in specific behaviors such as arriving to a carcass to feed and
oviposit. Because blow flies are poikilotherms, adults may delay their arrival and colonization
times to ensure the optimal oviposition conditions are met for the survival of themselves and
their offspring (Byrd, & Castner, 2001, Hans et al, 2019). The environmental requirements for
recruitment and colonization may be slightly different, as it was observed in this study that
oviposition occurred at slightly higher temperatures than arrival, however, this may have
occurred as daily temperatures are merely a function of time as the day progresses and gets
warmer. When the seasons changed, however, the subsequent increase in ambient temperatures
as the day progressed took longer to achieve and may have had an effect on the timing of blow
fly activity, causing a longer time taken for a resource to be colonized in fall trials. Specifically,
it took the flies nearly a whole hour longer to decide to oviposit following their arrival in fall
versus in the summer. This significant amount of time places a scale on how we may understand
the difference between fall PMI estimates and summer PMI estimates and what may occur before
the MTC. The behaviors observed in these trials supports the proposal of Tomberlin et al.,
(2011b) in demonstrating that specific behaviors contribute to the pre-CI and must be taken into
account when calculating PMI estimates.
It is important to note that when the blow flies arrived at the resource following exposure
to the carcass, arrival was never simultaneous or instantaneous after the carcass was placed at the
test site. This may be due to my presence at the testing site/walking away, however, even within
the trial with the quickest recruitment time, (Summer, on August 9th, 2021) it took the first green
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bottle to arrive 4 minutes after placement. This could be because that specific fly either waited
for me to leave or their level of detection of the carcass took that amount of time to come into
effect.
In this study, instantaneous recruitment was not common, however, the difference in time
between carcass placement and arrival time may have also been influenced by the
rainy/fluctuating weather patterns. During the summer, in August, 2021, intermittent rain due to
Hurricane Henri and Ida developing may have influenced blow fly arrival and colonization
patterns (Appendix 4a & 4c). Specifically, periods of rain delayed colonization, but also may
have placed more selective pressure on the females to locate and colonize the resource as soon as
conditions became suitable again. This is demonstrated by their fluctuating arrival times during
this month (Appendix 4a). This may have caused the blow flies to become more aggressive in
their need to colonize a resource quickly on days or short periods where it did not rain.
Additionally, this was reflected in their quick recruitment times and ovipositional behavior on
days immediately after it rained or in quick colonization when conditions were more favorable
(Appendix 1a). While rain has been shown to inhibit blow fly activity and flight (Mahat, et al,
2009), their biological need to locate and colonize a resource remain while they wait and the
physiological need to carry out these behaviors may be pronounced at the first available
opportunity. Thus, the influence of weather patterns on the recruitment of the blow flies to a
resource must be better understood.
Additionally, the presence of predators, or other disturbances may also influence blow fly
behavior. During the course of this study, wasps and ants were present shortly after carcass
exposure and they proceeded to interact with the blow flies. Yellow-Jacket Wasps, in particular,
appeared to be aggressive and consumed the soft tissues from the carcass such as the nose of the
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rat with their mandibles. The wasps also appeared to fight/kill any blow flies that came near
them while feeding. In one particular case, a wasp completely chased off all of the blow flies on
the carcass and may or may not have caused a delay in the blow fly’s decision to oviposit. Ants,
on the other hand, did not appear to disturb the flies as they would often bump into each other
while scouting and ignore each other’s presence. In moments while a blow fly was ovipositing,
an ant walking by did not appear to disturb the fly’s colonization event. This undisturbed
behavior may be because the ants did not pose as an aggressive threat due to their behaviors or
their size. As previously mentioned, disturbance to the carcass after placement at the testing site
was limited to avoid any disturbance-related delay in arrival or colonization. The earliest time of
arrival was 4 minutes in the summer time which may have been delayed due to presence while
placing out the resource, however, in moments upon returning to the test site to retrieve the
carcass, the blow flies would often remain still and seemed undisturbed by human presence, as
they remained on the resource. This is an important observation because the levels of natural
disturbances to a body, for example, one placed on the side of a road, may or may not be
impacted by the presence of passing cars or other noises/presence of human activity. Examining
predator-prey interactions, disturbances to carcasses and their impact on colonization is also
considered an important factor to understand, should scientists move toward forming predictive
models for determining the timing of these behaviors and their influencers.
Seasonal Effects on Blow Fly Species Composition:
This study demonstrated that season also had a significant effect on relative abundance
values for blow fly community composition. The abundance of specific species in the summer
were much greater than that of the fall, particularly green bottle flies. This relationship
demonstrated that there was a significant difference in composition of successfully reared adults
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from the summer vs. the fall. In the summer, there was also a significantly higher level of
diversity and number of species available than in the fall. This result supports that blow flies can
be used as an indication of the seasonality of deaths (Berg & Benbow, 2013, Rosati, 2014).
In the summer, the relative abundance of green bottle flies increased in the warmer
temperatures, meanwhile, as the season transitioned and temperatures cooled, the relative
abundance of green bottle flies decreased while the abundance of blue bottles increased. This is
supportive of findings that green bottle flies such as L. sericata, are predominantly more active
in the summer time when the temperatures are higher (Frederickx et al, 2012, Benbow et al.,
2013, Rosati 2014). Whereas, on the other hand, blue bottle flies, such as C. vicina, may remain
active by the end of summer and during the beginning of fall (Benbow et al., 2013, Rosati 2014,
Ody et al, 2017). However, this shift in blow fly species is not absolute. Specifically, this does
not mean that green bottles are only active in the summer and completely absent in the fall. In
fact, video footage captured in the fall documented daily green bottle fly activity even towards
the end of the season. Although this study demonstrates that their peak activity and colonization
times may be in the summer, this shift does not completely eradicate their activity in less
favorable conditions. This shift in species composition may be driven by internal biological
tolerances to weather/season that species have evolved over time as a means to reduce
competition on a limited resource, such as carrion (McWatters & Saunders, 1998). This study
attempted to passively record and determine the sub-groups of blow flies that initially arrived
and oviposited, which was confirmed through the identification of larvae reared from each
carcass after exposure. Although direct identification of arriving species was not possible with
the experimental design, observation and documentation of arrival and colonization events was
not compromised with intensive sampling techniques. Further studies capturing daily blow fly
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activity between seasons through a methodology that allows for direct identification of species
without disturbance may be helpful to understand the full scope of daily green bottle and blue
bottle activity.
It is important to accurately account for blow fly activity. In this study, there was a
considerable number of dormant larvae and unmerged pupae that were present in the samples
taken during this study. As a result of this, there could be of missing information for the presence
of species that arrived but didn't develop properly. The large population of larvae that did not
develop in some trials remained unidentified, which may have resulted from unfavorable
temperatures or environmental conditions. By understanding which conditions are optimal for
development we can elucidate species-specific rearing needs for these species, which would give
a more accurate representation of which species are available for colonization. There is strong
evidence, however, that the species that did not develop during these trials may have been L.
coeruleiviridis due to their high abundance in the summer trials and based on their limited, but
successful rearing from jars that had a high proportion of undeveloped larvae. It was previously
observed that this species of fly is difficult to rear (Weidner et al., 2014) and may need more
support for proper development (Dr. Rosati, personal observations). In samples that L.
coeruleiviridis was successfully reared, portions of soil were added to the rearing medium in an
attempt to decrease larval mortality and encourage successful pupation and emergence (Dr.
Rosati, personal observations). Further studies optimizing rearing conditions is useful to avoid
loss of species that are important for subsequent PMI calculations in forensic investigations. If
rearing information is missing for difficult to rear species, such as L. coeruleiviridis, there is a
wealth of knowledge missing from these PMI estimations as adult L. coeruleiviridis’ has been
documented as being on the amongst the earliest colonizing species (Joy & LeGrow, 2015). It is
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also important to note that blow fly species can also be induced into dormancy depending upon
the environmental conditions such as levels of light and temperatures they were exposed to as
adults (McWatters & Saunders, 1998). The conditions of which the adult female blow fly
experiences such as lower temperatures could also force their successfully deposited larvae to
undergo dormant states (McWatters & Saunders, 1998, Marino and Rosati, unpublished data). In
regard to this study, fall trials may have entailed low diversity or missed species represented as
the larvae may have not successfully developed as they were preparing for a winter dormancy
period. The temperature thresholds that influence dormancy and how they ultimately influence
the species diversity found on a carcass is important to understand and further investigate as
timing of growth/development and species identification is a large factor in PMI estimations.
As the seasons transitioned from summer to fall, the species composition of surviving
adults in this study’s trials shifted from primarily green bottle flies to blue bottle flies. This is
supported by many observations of seasonal blow fly activity in different regions (Benbow et al.,
2013, Brundage et al, 2011, Rosati, 2014). This shift in species composition may be a reflection
of blue bottle’s tolerances lower temperatures, allowing them to fulfill seasonal niches.
Although, I observed that blue bottle adults were active during both seasons on video, (supported
by Schroeder et al. (2003), Hwang and Turner (2005), and Zabala et al. (2014) who also found
that C. vicina was a commonly encountered year-round blow fly) their surviving adults in the fall
demonstrated their temperature tolerances in the fall and higher likelihood of being discovered
on a corpse in the fall.
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As stated previously, though the relative abundance of species may change with respect
to season, it is important to note that seasonal changes in blow fly species does not indicate
complete inactivity during unfavorable time periods. For example, in this study, green bottle flies
were observed arriving and colonizing fall carcasses and blue bottle flies were reared from
summer carcasses, though in much lower numbers than in summer and fall, respectively
(Appendix 2a & 2b). This seasonal shift in species composition may merely reflect the specific
sub-groups that are better-adapted for recruitment and colonization than others in specific times
during the year.

Figure 18: A timeline of the groups organized by NMDS statistical analysis. This timeline
demonstrates the difference between the beginning, middle and end of summer vs the beginning,
middle and end of fall.
Statistical analysis of the summer and fall trials with NMDS (Figure 17), demonstrated
that season can be used as a significant factor to classify blow fly communities, which is
supported by previous research (Rosati, 2014). With respect to this study, the seasonal transition
in blow fly behavior can be noted by examining the behavior of fly groups over time (Figure 18).
There was a distinct change in community composition within the summer season, with a higher
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diversity of flies recruited and colonizing the carcasses at the beginning and middle of summer,
whereas in contrast, the end of summer transitioning into the fall had lower levels diversity in
blow fly recruitment and colonization. This timeline displays the species activity from the
beginning of summer to the end of fall beginning with quick green bottle recruitment and
colonization, transitioning into blue bottle activity midday in the fall and finally ending with no
activity by the beginning of winter.
In conclusion, the presence and activity of the species observed and reared reflects the
significant effect season has on blow fly behavior, recruitment, colonization and species
composition. The differences in the temperatures and other weather-related factors that the blow
flies can withstand demonstrate the behavioral limitations of each species based on their
physiology and determine their interaction with carcasses and their seasonal behavior.
Results from this research support the conclusion that season plays a role in the
recruitment, colonization and species diversity of blow flies, which may be primarily driven by
temperature-driven changes in the environment. This is evident in the fact that analysis on the
seasonal effects on time take for arrival and oviposition were deemed significant, while these
seasonal effects were not significant when examining these events with respect to resource ADH
(which accounts for both time and temperature). Season had a significant impact upon the length
of time before colonization, or the pre-colonization interval, as well as the species availability.
This study examined and documented blow fly behaviors that were observed prior to
colonization, which indicated that there are behavioral checkpoints necessary for blow flies to
carry out prior to a female’s determination to oviposit on a carcass. The timing of these
behaviors, the length of length of time taken to carry out these behaviors and the factors that
influence them, specifically how temperature and temperature threshold requirements affect
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blow flies and their ability to arrive and colonize need to be considered to fully understand how
they impact MTC calculations. Predictive models of and for these behaviors need to be further
developed with a consideration to ecology, animal behavior and evolution in order to support the
forensic importance of blow flies in death investigations. In conclusion, this study contributed to
the field of forensic entomology and contributes to growing body of work supporting the blow
fly’s use in making PMI estimates.
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Future Research:
At this time, there are no standardized predictive models that can be used to determine
the timing of minute blow fly behaviors in relation to temperature/ADH as laid out by Tomberlin
et al., (2011b). By observing blow flies indirectly, however, the information gathered assists in
uncovering the data necessary for possible databases of information that can be extremely useful
to the forensic entomologist. I propose that this type of methodology, indirect observation via
video recording, may be used for further analysis. I would suggest, however, that to improve my
methods, to implement the use of multiple cameras or different camera angles to understand
what is happening in hidden areas of the carcass.
I also believe that performing this study multiple times in the wild over the course of
many years would be highly beneficial. This should also be repeated in different settings such as
the lab, urban areas and over wider geographic scales to get a better understanding of the
conditions, influences and community compositions that play a role in determining visible and
minute blow fly behaviors and the conditions that affect them (Hwang & Turner, 2005, Brundage
et al, 2011, Zabala et al., 2014).
As environments and weather conditions fluctuate due to global climate change, it is
imperative to understand and document changes in blow fly behavior, regional species
composition, and larger scale changes in species’ distribution of blow flies over time. Blow fly
community composition and behavior over various habitats and landscape continue to change as
temperatures and weather conditions fluctuate over time and space (Turchetto & Vanin, 2004).
As a result, more studies focusing on the effect of weather patterns, specifically wind and rain on
blow fly behaviors, should be conducted.
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Finally, given that rat carcasses were used in this study, to make the results from this
study more directly applicable for human-based applications, the use of carcasses that are closer
to human anatomy, such as a pig carcass, is recommended. For the sake of consistency and
relevance to human bodies, a 23kg pig carcass is strongly suggested because pig carcasses have
similar anatomy, distribution of fat, lack of fur and have similar eating patterns to humans during
life that would make their internal microbial fauna very similar (Schoenly et al., 2006). These
factors are important to account for as blow flies have been shown to have preferences for
resources size/carcass types and may have a preference for carcasses that resemble fleshy
mammalian tissues, like pigs or humans (Watson & Carlton, 2005, Yang & Shiao, 2012). Using
this type of carcass would further improve on the methodology used in this study for humanbased forensic application. Despite this, blow flies are a particularly adaptable species of fly that
will accept many different carcass types if external pressures and access to ephemeral resources
strike a contrast to their biological needs. For example, in Watson & Carlton’s (2005) study on
carrion types, blow flies were shown to accept mammalian tissues with fur such as black bear
and deer and even non-mammalian tissues such as alligator in the field with pressures of
seasonal changes. In support of this study, carcasses of over 100g were demonstrated to be a
viable resource by female blow flies and it was the basis validation in the methods to test this
type of methodology to guarantee that blow flies would be recruited and accept the rat carcass
for their colonization needs (Yang & Shiao, 2012). Using pig carcasses within this methodology
would merely improve the results of this study and supplement its prior findings to increase the
reliability of blow fly use for human PMI estimations.
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Appendix:
Appendix 1a: Trials held in the summer with dates from June 26th, 2021 to September 21st,
2021. Time of arrival in hours/minutes, total time for arrival and temperature at arrival are listed
for each trial and were used to determine significant difference between fall trials.
Summer Temps and
Oviposition

Arrival

Colonization

Carcass
#

Date

Time in
hours

TA (hrs)

Temperature
at Arrival

Time in
hours

To (hrs)

11
12
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

06.26.2021
06.29.2021
07.06.2021
07.08.2021
07.10.2021
07.12.2021
07.14.2021
07.16.2021
07.18.2021
07.20.2021
07.22.2021
07.26.2021
08.06.2021
08.09.2021
08.11.2021
08.17.2021
08.19.2021
08.24.2021
08.26.2021
08.29.2021
08.31.2021
09.02.2021
09.04.2021
09.06.2021
09.08.2021
09.10.2021
09.12.2021
09.14.2021
09.17.2021
09.19.2021
09.21.2021

1:26
0:59
0:54
1:23
0:11
1:02
1:18
0:31
0:43
0:19
1:14
0:27
4:21
0:04
0:21
4:07
0:24
0:17
4:01
0:27
0:18
2:32
4:00
3:18
3:00
5:33
2:59
0:50
0:19
3:07
2:39

1.43
0.98
0.9
1.38
0.18
1.033
1.3
0.52
0.72
0.32
1.23
0.45
4.35
0.07
0.35
4.01
0.4
0.28
4.02
0.45
0.3
2.53
4
3.3
3
5.55
2.98
0.83
0.32
3.12
2.65

18.4
23.2
19.7
20.2
19.2
21.1
20.3
19.5
20.7
19.1
16.7
19
23.3
18.5
20.4
23
22.5
20.6
27.4
18.3
18.3
15.7
19.6
19.5
19.5
20.2
19.3
17.4
19.4
17.5
15.9

2:45
1:30
1:02
1:51
1:03
1:18
1:33
1:22
1:09
0:48
2:34
0:45
5:14
0:26
0:46
5:39
0:35
1:17
4:59
5:35
0:39
6:29
6:10
4:33
4:30
6:08
3:44
8:16
0:35
4:41
3.17

2.75
1.5
1.03
1.85
1.05
1.3
1.55
1.37
1.15
0.8
2.57
0.75
5.23
0.43
0.76
5.65
0.58
1.28
4.98
5.58
0.65
6.48
6.17
4.55
4.5
6.13
3.73
8.27
0.58
4.68
3.28

Temperature
at
Oviposition
20.2
23.5
20.5
20.9
19
21.5
20.3
20.6
20.7
19.3
19
19.2
24.7
18.4
20.4
24.1
22.5
21.5
27.8
19.6
18.4
21.2
22
23
24.2
20.4
21
25.5
19.4
19.2
18
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Appendix 1b: Trials held in the fall with dates from September 27th, 2021 to December 20th,
2021. Time of arrival in hours/minutes, total time for arrival and temperature at arrival are listed
for each trial and were used to determine significant difference between summer trials.
Fall Temps and Oviposition

Arrival

Colonization

Carcass
#

Date

Time in
hours

TA (hrs)

Temperature
at Arrival

Time in
hours

To (hrs)

Temperature
at Oviposition

1

09.27.2021

3:56

3.93

18.3

4:45

4.75

20.4

2

09.29.2021

4:09

4.15

15.4

7:01

7.02

16.9

3

10.01.2021

5:18

5.3

15.9

∞

N/A

N/A

5

10.07.2021

4:00

4

18.8

6:24

6.4

20.2

6

10.09.2021

∞

N/A

N/A

∞

N/A

N/A

7

10.11.2021

5:11

5.18

19.1

6:20

6.33

19.5

8

10.13.2021

3:09

3.15

17.4

9:43

9.72

19.3

9

10.15.2021

4:08

4.13

22.5

∞

N/A

N/A

10
11
13
14
15
16
17
18
19
21
22
23
25
26
27
28
29
30
31
32
33
34
35
36

10.17.2021
10.19.2021
10.23.2021
10.28.2021
11.02.2021
11.04.2021
11.06.2021
11.08.2021
11.10.2021
11.14.2021
11.16.2021
11.18.2021
11.22.2021
11.24.2021
11.26.2021
11.28.2021
11.30.2021
12.02.2021
12.05.2021
12.07.2021
12.09.2021
12.12.2021
12.14.2021
12.16.2021

∞
4:15
4:58
∞
∞
∞
5:00
4:43
7:55
∞
∞
3:43
∞
∞
∞
∞
∞
∞
∞
∞
∞
∞
∞
3:25

N/A
4.25
4.97
N/A
N/A
N/A
5
4.72
7.92
N/A
N/A
3.72
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
3.42

N/A
13.6
13.5
N/A
N/A
N/A
13.2
12.3
16.9
N/A
N/A
17.5
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
13.7

∞
∞
7:10
∞
∞
∞
5:23
∞
8:25
∞
∞
6:40
∞
∞
∞
∞
∞
∞
∞
∞
∞
∞
∞
∞

N/A
N/A
7.17
N/A
N/A
N/A
5.38
N/A
8.42
N/A
N/A
6.67
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
4.58

N/A
N/A
14.3
N/A
N/A
N/A
17.8
N/A
16.5
N/A
N/A
23.4
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
15.4

37

12.20.2021

∞

N/A

N/A

∞

N/A

N/A

Appendix 2a: Total number of underdeveloped individuals, green bottle flies, black bottle flies blue bottle flies and flesh
flies counted as individual units in the summer per trial. These totals were summed up for subsequent species composition
analysis. First sub-groups to arrive and oviposit listed on the far right per trial.
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Appendix 2b: Total number of underdeveloped individuals, green bottle flies, black bottle flies blue bottle flies and flesh
flies counted as individual units in the fall per trial. These totals were summed up for subsequent species composition
analysis. First sub-groups to arrive and oviposit listed on the far right per trial.
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Appendix 3: Species composition analysis for summer and fall trials demonstrating # of species
in each sample and Shannon Diversity indices calculated.
Summer: Date
06.26.2021
06.29.2021
07.06.2021
07.08.2021
07.10.2021
07.12.2021
07.14.2021
07.16.2021
07.18.2021
07.20.2021
07.22.2021
07.26.2021
08.06.2021
08.09.2021
08.11.2021
08.17.2021
08.19.2021
08.24.2021
08.26.2021
08.29.2021
08.31.2021
09.02.2021
09.04.2021
09.06.2021
09.08.2021
09.10.2021
09.12.2021
09.14.2021
09.17.2021
09.19.2021
09.21.2021
N/A
N/A
Overall
Diversity
Index:

Carcass
#

# species
in
sample

Shannon
W.[diversity
index] H

Fall: Date

Carcass
#

# species
in
sample

Shannon
W.[diversity
index] H

11
12
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
N/A
N/A

1
4
3
1
1
3
2
2
1
1
1
2
0
0
0
0
1
1
0
0
1
0
0
1
0
3
0
0
0
2
1
N/A
N/A

0
0.759
0.419
0
0
1.084
0.068
0.044
0
0
0
0.69
0
0
0
0
0
0
0
0
0
0
0
0
0
0.158
0
0
0
0.67
0
N/A
N/A

09.27.2021
09.29.2021
10.01.2021
10.07.2021
10.09.2021
10.11.2021
10.13.2021
10.15.2021
10.17.2021
10.19.2021
10.23.2021
10.28.2021
11.02.2021
11.04.2021
11.06.2021
11.08.2021
11.10.2021
11.14.2021
11.16.2021
11.18.2021
11.22.2021
11.24.2021
11.26.2021
11.28.2021
11.30.2021
12.02.2021
12.05.2021
12.07.2021
12.09.2021
12.12.2021
12.14.2021
12.16.2021
12.20.2021

1
2
3
5
6
7
8
9
10
11
13
14
15
16
17
18
19
21
22
23
25
26
27
28
29
30
31
32
33
34
35
36
37

1
1
0
0
0
1
0
0
0
0
1
0
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Summer:

3.892

Fall:

0
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Appendix 4a: Length of time until arrival for blowflies over the course of Summer, 2021
(n=31). Arrival times (solid line) were correlated to the temperatures at arrival (dotted line). As
summer progressed, daily temperatures lowered and generally lengthened time to arrival.
Fluctuating temperatures also resulted in longer time until arrival.
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Appendix 4b: Length of time until arrival for blowflies over the course of Fall, 2021 (n=33).
Arrival times (solid lines/dots) were correlated to the temperatures at arrival (dotted line). The
average daily temperatures collected by the data logger were used for trials without arrivals
(n=19). As fall progressed, daily temperatures lowered and generally lengthened time to arrival
until no arrivals occurred (dates without dots).
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Appendix 4c: Length of time until oviposition event for blowflies over the course of Summer,
2021 (n=31). Oviposition event times (solid line) were correlated to the temperatures at
oviposition (dotted line). As summer progressed, daily temperatures lowered and generally
lengthened time to oviposition. Fluctuating temperatures also resulted in longer time until
colonization.
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Appendix 4d: Length of time until oviposition for blowflies over the course of Fall,
2021(n=33). Time at oviposition (solid lines/dots) were correlated to the temperatures at
oviposition (dotted line). The average daily temperatures collected by the data logger were used
for trials without oviposition events (n=23). As fall progressed, daily temperatures lowered and
generally lengthened time until oviposition occurred until no oviposition events occurred at all
(dates without dots).

